Finite difference technique is used to understand fluid flow in an inclined porous enclosure filled with water based Ag nanoliquids. The enclosure has square cross-section and it is constantly heated from a wall and cooled from opposite wall while other walls are adiabatic. The oscillating flow development was found at ω = 15 • before reaching their steady condition. The steady heat transfer enhancement by increasing the Ag concentration are linearly dependent with increasing the orientation angles.
Introduction
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Mathematical Formulation
A schematic diagram of an inclined porous enclosure with sides of length is shown in Figure 1 . The flow inside the porous medium is assumed to obey Darcy law. The liquids in the enclosure is a water-based nanoliquids containing Ag, nanoparticles. It is also assumed that nanoparticles are suspended in the nanoliquids using either surfactant or surface charge technology. As a result, in keeping with the Darcys law, the basic continuity, momentum, and energy equations can be written as:
The equations (1)- (4) can be written in terms of the stream function ψ defined as u = ∂ψ/∂y and v = −∂ψ/∂x. The resulting non-dimensional forms of the governing Eqs. (1)- (4) are:
Numerical Method
The Finite Difference (FD) scheme consisting of the Alternating Direction Implicit (ADI) method and the Tri-Diagonal Matrix Algorithm (TDMA) is employed to solve the governing equations. The finite difference equation (FDE) of (5) in the ADI scheme are:
and Eqs. (7) and (8) are written in tridiagonal forms as:
The FDE of (6) could be treated in the similar way. The steady Ψ and Θ are achieved with the following criteria is fulfilled:
Several grid sensitivity tests were conducted to determine the sufficiency of the mesh scheme and to ensure that the results are grid independent. A grid test was performed using sets of grids in the range 11 × 11 to 141 × 141 for Ra = 100 as presented in Fig. 2 . The result showed insignificant differences for the 101 × 101 grids and above. Therefore, for the all computations in this thesis for similar problems to this subsection, the 101 × 101 uniform grid was employed. Figure 3 illustrates the time history of streamlines of water and nanoliquids for ω = 90
Results and Discussion
• at τ = 0.0001, 0.001, 0.003, 0.008, 0.02, 0.05, 0.2, 0.4. The time history of the flow field is described as follows. Initially, at τ = 0, left and right walls are cold and there is no fluid motion inside the cavity. As heating started, τ = 0.0001, the fluid temperatures adjoining the hot-right wall rise. The fluid moves due to buoyancy force from the right region of the cavity to the left region. This movement creates the cells in the left portion of enclosure. The cells are elongated vertically. At τ = 0.001, the cells get bigger and stronger, occupies more portion of the enclosure. As time increases, the clockwise circulation cells occupies the left-half of enclosure and its strength increases significantly. The core of the cells starts to move to the center of the enclosure. Later, the cells occupy most area of the enclosure and reach steady state before τ = 0.2. We observe that the strength of the flow circulations of the nanoliquids always weaker than the base liquid at all time. Fig. 4 shows the variation of average Nusselt number for various values of ω at Ra = 500 and φ = 0.05. At early stages of the flow growing, higher angle gives higher N u values. Later, the average Nusselt number are identic for some ω, such as at τ = 0.02 for ω = 15
• , 30
• and at τ = 0.03 for ω = 45
• , 60
• . We also observe the N u oscillations at ω = 15
• for τ < 0.1. This attributes to the periodical convective flow development before reaching their steady condition. The numerical values of N u achieve their respective steady conditions are later for lower ω. Figure 5 shows the steady average Nusselt number against solid volume fraction for different orientation angle at Ra = 500. Increasing the Ag concentration significantly enhances the heat transfer rate for any configurations. Lower orientation angle has lower average Nusselt number for the fixed nanoparticles concentration. These result signifies that the steady heat transfer enhancement by increasing the Ag concentration are linearly dependent with increasing the orientation angles.
Conclusion
The present numerical simulation study the effects of the Ag concentration on unsteady natural convection in a tilted square porous enclosure. The dimensionless forms of the governing equations are solved using the FD scheme consisting of ADI method and TDMA. The nanoliquids circulations are weaker than the water circulations. The oscillating flow development was found at ω = 15
• before reaching their steady condition. The steady heat transfer enhancement by increasing the Ag concentration are linearly dependent with increasing the orientation angles. 
